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(57)^Abstract 

A satellite communication system comprises a central broadcast station (10) in satellite communication with a plurality of user 
terminals (12) each of which can make requests for broadcast data from the central broadcast station. Each user terminal includes means 
(Fig. 2) for sending each user request as one or more data packets (50) each of which is transmitted as a modulated carrier whose frequency 
is randomly selected from a set of N predetermined frequencies common to all the user terminals. Each data packet includes data identifying 
the particular user terminal from which it originates, and the central broadcast station includes N channels (52/54) each arranged to receive 
and demodulate data packets transmitted at a respective one of the N carrier frequencies. 
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DATA PACKET SATELLITE COMMUNICATION SYSTEM 



Technical Field 

This invention relates to a satellite communication 
system comprising a central broadcast station in 
satellite communication with a plurality of user 
terminals each of which can make requests for broadcast 
data from the central broadcast station. 

* » 

Background Art 

There is at present a need to provide high speed. data 
communication links in order. to carry TCP/IP internet 
traffic between small user satellite terminals of around 
90 cm diameter and a central broadcast station, herein 
referred to as a hub station. Such systems have been 
proposed in the past but suffer from network congestion 
and failure due to high peak traffic loading. In such 
systems the user requests are generally transmitted as 
data packets from the user terminal via satellite to the 
hub station. If many users transmit requests 
simultaneously, so-called packet collisions occur as a 
large number of data packets arrive at the hub station at 
the. same time. 

It is an object of the present invention to provide an 
improved satellite communication system, in particular 
for, but not limited to, internet traffic, in which the 
incidence of packet collisions is reduced. 

Disclosure of Invention 

Accordingly, the invention provides a satellite 
communication system comprising a central broadcast- 
station in satellite communication with a plurality of 
user terminals each of which can make requests for 
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broadcast data from the central broadcast station, 
wherein each user terminal includes means for sending 
each user request as one or more data packets each of 
which is transmitted as a modulated carrier whose 
frequency is randomly selected from a set of N 
predetermined frequencies common to all the user 
terminals, each data packet including data identifying 
the particular user terminal from which it originates, 
and wherein the central broadcast station includes N 
channels each arranged to receive and demodulate 9ata 
packets transmitted at a respective one of the N carrier 
frequencies. 

Thus, in operation of the system, each user terminal 
transmits requests to the hub station as a series of data 
packets distributed in time, with successive data packets 
being sent at respective frequencies randomly selected 
from the given set of N frequencies. In other words, the 
user terminal "hops" between frequencies, and 
consequently this process is known as frequency hopping. 

The probability of two packets arriving on one of the N 
frequencies at the hub station at the same time is 
significantly reduced compared to the case of all packets 
being transmitted and received on a single frequency, and 
the origin of each data packet is determined from the 
identifying data included within the data packet rather 
than the frequency on which it is transmitted. 

Frequency hopping systems are known in the art. However, 
in conventional frequency hopping systems the changing 
between frequencies is performed according to a 
predetermined sequence, which is known by the transmitter 
and receiver. A single receiver is normally used, which 
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changes the frequency on which it receives according to 
the predetermined sequence in step with the transmitter. 

Using the present invention, there is no need for the- hub 
5 station to know the sequence in which the user terminal 
transmitters hop between frequencies and thus truly 
random frequency hopping can be achieved. 

Preferably each data packet includes a preamble 
10 containing, in addition to the user terminal identifying 
data, a plurality of bits which alternate in value, i.e 
101010101. . .etc. As is described below, these allow the 
correct frequency of the received data packets to be 
accurately evaluated despite frequency drift due to 
15 component tolerances and propagation over the satellite 
link. 

Brief Description of Drawings 

An embodiment of the invention will now be described, by 
20 way of example, with reference to the accompanying , 
drawings, wherein: 

Fig. 1 is a block diagram of a two-way satellite 
communication system according to the embodiment of the 
25 invention, 

Fig. 2 is a block diagram of the frequency hopping 
transmission circuit in the user terminal of Fig. 1, and 

30 Fig. 3 is a block diagram of the data packet clock 
recovery scheme. 

Description of Preferred Embodiments 
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Fig. 1 illustrates the overall two-way satellite 
communication system, which comprises a hub station 10 in 
satellite communication with a PC-based user satellite 
terminal 12. Although only one user terminal 12 is ■ 
3 shown, it will be understood that the system includes 
many such terminals and the description of the terminal 
12 herein will apply to all such terminals. 

In operation a user can make a request for information 
3 from the internet, and this request is sent as one or 
more data packets 50 from the user terminal 12 via a 
satellite 14 to the hub station 10. The hub station 10 
is connected to a TCP/IP server 16 and router 18 allowing 
the request to be passed onto the internet 60. When the 
5 requested information is retrieved from the internet it 
is transmitted back from the hub station 10 via the 
satellite 14 to the user terminal 12. 

The first stage in this general procedure is the 
0 transmission of the user internet request, or IP request, 
as a data packet, or number of data packets, from the 
user terminal 12. To this end the user terminal 12 
comprises a personal computer (PC) 20 which contains a 
transmit interface card (Fig. 2), and which is connected 
5 via such card to the integrated feed (not shown) of a 
small satellite dish 22. The transmit interface card 
allows the computer 10 to interface with the dish 22. 
The PC 20 may be connected to a network of computers 24 
via a LAN 26 and can receive IP requests from one or more 
0 of the computers in this network. 

The interface between the PC 20 and the dish 22, as 
provided by the transmit interface card, is schematically 
shown in Fig. 2. In the transmit interface card digital 
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IP request data from the PC 20 is first passed to a first 
in, first out (FIFO) buffer 28, which is essentially a 
variable length shift register. The buffer collects all 
the data corresponding to a given request (or, where the 
5 IP request is to be transmitted in more than one data 

packet, for the portion of the IP request data next to be 
transmitted) and then passes this on to be encrypted at 
30, The length of the request or portion thereof, and 
hence the activation of output from the buffer, is 
10 determined by control logic 32. 

At 34 a preamble is generated for the IP request data or 
portion thereof. The preamble is, in this embodiment, 
100 bits long, where the first 5.6 are bits which 
15 alternate in value, i.e. 101010101 ... etc. , and are used 
to correct for frequency drift as will be described, the 
next 24 bits define a word unique to that request data or 
portion thereof, and the final 20 bits contain header 
data. The unique word acts as a tag for each data packet 
20 and is also used for synchronisation purposes. The 20 

bit header contains the length of the data packet. The IP 
address of the user terminal which originated the IP 
request is contained within the body of the data packet. 
This preamble is attached to the encrypted request data 
25 in a multiplexer 36. 

The transmit interface card also contains a local 
oscillator 38 which is enabled to generate IF carrier 
signals on any one of N different frequencies (in the 
30 present embodiment N=8) . According to the frequency 
hopping scheme, each successive data packet is 
transmitted at a carrier frequency which is chosen at 
random from the set of - N possible frequencies. The 
control logic 32 determines when a new data packet is 
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ready for transmission and thus instructs the local 
oscillator 38 to choose a new frequency, which may be 
randomly the same as the previous frequency but will in 
general be different. The random choice of a new 
5 frequency is effected by using a standard random number 
generator 40. 

The data packet including preamble is passed from the 
multiplexer 24 to a differential and convolutional 

10 encoder 42, and then passed to a mixer 44. .At the mixer 
44 the random frequency carrier signal generated by the 
local oscillator 38 is phase modulated by the data packet 
using binary phase shift keying, as is well known in the 
art. The modulated signal is then passed via a band pass 

15 filter 4 6 and transmission enable gate 48 to the 

integrated feed (not shown) of the satellite dish 22. In 
the interface circuit, timing, synchronisation and 
transmission enable are all determined by the control 
logic 32. 

20 

The satellite dish 22 is preferably a standard 90cm 
diameter earth station. The integrated feed carries out 
the functions of frequency up-conversion to microwave 
carrier frequencies and provides transmission at 

25 relatively low powers, typically of about 250 mW. The 
data packets 50 from the user terminal 12, thus encoded, 
frequency hopped, and frequency up-converted, are 
transmitted, typically at 16 kBits per second, to the hub 
station 10 via the satellite 14. It will be understood 

30 that each of the N IF carrier frequencies generated by 
the local oscillator 38 will be up-converted to a 
different microwave carrier frequency by the integrated 
feed, so the principle of transmitting each packet at a 
random one of N different carrier frequencies is 
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preserved during the microwave transmission to the hub 
station 10 via the satellite 14. 

Referring again to Fig. 1, the hub station 10 contains N 
5 channels each containing a burst receiver 52 and a 
processing unit 54 (for simplicity only three such 
channels are shown in Fig. 1). Each receiver 52 is tuned 
to a respective one of the N possible microwave carrier 
frequencies. In the receiver 52 for which the currently 

10 received data packet is in band, the received signal is 
down-converted in a series of frequency steps to produce 
typically a 64 kHz IF signal which is applied to the 
processing unit 54 and sampled at 256 kHz by a 12 bit ADC 
(Analogue to Digital Converter).. The processing unit 54 

15 consists of a single extended 6U multi-layer printed 
circuit board, containing two 80 Mhz TMS320C50 fixed 
point digital signal processors, jointly providing 80 
MIPS. The incoming data packet is demodulated and 
decoded in the processing unit 54 and the relevant IP 

20 request is then passed to the TCP/IP server 16 via a 
satellite communication server 56. 

As -mentioned earlier, the frequency of the transmitted 
signal can drift considerably over the satellite link. 
25 Indeed, the nominal 64 kHz IF signal produced by the 

burst receivers 52 can be in error by as much as 10 kHz. 
In order to accurately demodulate the received signal, 
the actual frequency of the signal needs to be correctly 
determined. 

30 

This is achieved in the processing unit 54 which 
determines the power spectrum of the signal in the 
frequency domain and hence at which frequency the power 
is greatest. In order to do this a Fast Fourier 
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Transform (FFT) is applied to the analog-to-digital 
converted input signal, transforming it from the time 
domain to the frequency domain. The frequency domain for 
the Fourier Transform is discretised into 256 bins each 
of size 1 kHz. On completion of the FFT, the power 
spectrum is analysed to determine in which of the 
frequency bins the power is greatest. The frequency 
corresponding to this bin is taken as being the correct 
frequency of the signal. 

In the present embodiment of the invention, this 
frequency acquisition procedure is augmented in two ways. 
Firstly, a modified FFT is used, an Offset Fast Fourier 
Transform, as is known in the art. Using a standard FFT 
the frequency resolution is only half the frequency bin 
size, whereas using ah OFFT can provide a frequency 
resolution as low as a quarter the frequency bin size. 
Secondly, the preamble bit reversals 101010101 ...etc. 
show up in the frequency domain power spectrum as two 
peaks (local maxima) separated by 32 kHz, centered about 
the correct value of the carrier frequency. This enables 
an even better estimation of the carrier frequency to be 
determined. 

A variable frequency local oscillator (not shown) in the 
processing unit 54 generates an appropriate signal at the 
carrier frequency estimate obtained from the OFFT, which 
is then used to demodulate the received signal and hence 
reconstruct the encrypted and encoded IP packet. Any 
residual frequency errors manifest themselves as phase 
errors in the recovered data, but these can be removed 
using phase tracking techniques or differential 
demodulation, as is known in the art. 
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The final step in reconstructing the transmitted data 
packet is to recover the bit clock, in order to ensure 
that the demodulated data is correctly sampled. This is 
achieved in the processing unit 54 as schematically shown 
5 in Fig. 3. The demodulated data packet, A, is applied to 
a delay and add stage 66 where the data bits are delayed 
by a half bit period and modulo-2 added to the non- 
delayed data to give the signal C. This signal has a 
strong frequency component at the bit clock rate. The 

10 - signal C is then applied to an Infinite Impulse Response 
filter 70, the waveform C having been converted at 68 
from logic levels to positive and negative impulses to 
drive the filter. The IIR resonant centre frequency is 
chosen so that it corresponds to the bit rate clock. As 

15 a result of the applied impulses the filter resonates at 
its centre frequency (the bit clock frequency) to produce 
waveform D. This waveform is now hard limited at 72 back 
to logic levels to give waveform E, the recovered clock 
output. 

20 

The final data packet can now be correctly reconstructed 
and is then passed from the processing unit 54 via the 
satellite communication server 56 to the TCP/IP server 16 
for connection to the internet 60. The connection 58 
25 between the satellite communication server 56 is ideally 
at least a 1 MegaBit per second Duplex synchronous 
terrestrial circuit. 

Data received from the internet 60 is broadcast via a 
30 Digital Video Broadcast (DVB) encoder 64 to all users as 
a 1 MegaBit per second time division multiplexed signal 
62 on a predetermined frequency. Each user terminal 12 
downloads all the broadcast data, only processing those 
packets which contain the user's IP address. 
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CLAIMS 

1. A satellite communication system comprising a 
5 central broadcast station in satellite communication with 
a plurality of user terminals each of which can make 
requests for broadcast data from the central broadcast 
station, wherein each user terminal includes means for 

d a 

sending each user request as one or more data packets 
10 each of which is transmitted as a modulated carrier whose 
frequency is randomly selected from a set of N 
predetermined frequencies common to all the user 
terminals, each data packet including data identifying 
the particular user terminal from which it originates, 
15 and wherein the central broadcast station includes N 
channels each arranged to receive and demodulate data 
packets transmitted at a respective one of the N carrier 
frequencies. 

20 2. A system as claimed in claim 1, wherein each user 
terminal includes means for modulating each data packet 
on a randomly selected one of N predetermined 
intermediate carrier frequencies and means for up- 
converting each intermediate carrier frequency to a 

25 respective one of N microwave carrier frequencies prior 
to transmission of the data packet. 

3. A system as claimed in claim 2, wherein the central 
broadcast station includes means for down-converting the 
30 microwave carrier frequency of each received data packet 
to a nominal intermediate frequency, analog-to-digital 
converting the down-converted data packet, estimating the 
actual frequency of the down-converted data packet by 
applying a Fast Fourier Transform to the digital data 
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packet to provide a frequency domain power spectrum, and 
demodulating the digital data packet using the frequency 
thus estimated. 

5 4. A system as claimed in claim 3, wherein each data 
packet includes a preamble containing digital data which 
provides, in the frequency domain power spectrum, two 
local maxima centered about the actual frequency of the 
. down-converted data packet. 
10 - 

5. A system as claimed in claim 4, wherein the digital 
data comprises a plurality of bits which alternate in 
value. 

15 6. A system as claimed in claim 3, 4 or 5, wherein the 
Fast Fourier Transform is an Offset Fast Fourier 
Transform. 

7. A system as claimed in any one of claims 3 to 6, 

20 wherein the central broadcast station includes means for 
recovering the bit clock of the demodulated data packet 
by delaying the data bits and adding them to the 
undelayed bits to provide a signal having a strong 
frequency component at the bit clock rate, applying the 

25 lastmentioned signal to a filter, and limiting the output 
of the filter to provide the bit clock, the central 
broadcast station further including means for decoding 
the data packet using the bit clock so recovered. 

8 . A system as claimed in any preceding claim, wherein 
the central broadcast station includes means for passing 
the decoded user request to the internet and for 
receiving data from the internet in response to such 
request . 
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9. A system as claimed in claim 8, wherein the central 
broadcast station includes means for broadcasting the 
data received from the internet to all user terminals. 

10. A satellite communication system substantially as 
described herein with reference to the accompanying 
drawings. 
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